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Statement of the Work 

The work conducted under this project is a six-month exploratory study. The application target of the research 
is to develop a sample concentration system that can improve the sensitivity of the chemical agent sensor using 
conductive polymer developed at the Army Research Laboratory in Aberdeen, Maryland. The main objective 
of the work is to study the feasibility of a concept pump that can be fabricated by the surface machining 
technology. The surface machining technology is the basic operation of semi-conductor industry, and has a 
potential to make miniature pumps that can be readily integrated with the electronic control circuitry. It should 
be noted that the prototype of the pump studied in this project is far from the goal of eventual miniaturization. 

Summary of the Results 

Modern semi-conductor industry heavily relies on the surface machining technology [1,2]. The industry has 
created many new applications in chemical and bio-science areas [3]. A recent advance in this regard is the 
creation of micro chemical laboratory and bio-sensors on a chip, which is an integration of micro-mechanical 
and electrical components with chemical and biological agents. Among the mechanical components, micro 
pumps and valves are of interest to this project. Since the application target of the research is to help improve 
the sensitivity of the chemical agent sensor developed at the Army Research Laboratory in Aberdeen, 
Maryland, a micro pump that can be fabricated by the surface machining technology and can be readily 
integrated with the chemical sensor is relevant to the Army's interest. 

This project is also a continuation of an earlier effort to develop micro pumps for sample concentration. As a 
result, we have refined the prototype of the earlier micro pump, and have delivered another device to the Army 
Research Laboratory for evaluation. 

In the present study, we designed a concept pump that can be fabricated by the surface machining technology, 
and fabricated and tested a prototype. The components of the prototype pump are shown in Figure 1. The fluid 
is pumped through a small channel in a plexiglass body as indicated in Figure 1. We assembled the pump and 
did preliminary experiments. Two undergraduate students in the Department of Mechanical Engineering have 
been working on this project. 

The pump is driven by an AC voltage source so that the coil generates an oscillating magnetic field. The 
magnetic shaft attached to the diaphragm is set into a linear motion by the magnetic field in the center of the 
coil. The diaphragm is then forced to pump the fluid. The whole system is confined in a 2.5x6.3x1 Ocm3 

rectangular body. This choice of the dimensions was made with a consideration of a possible pocket size 
implementation of the chemical and biological sensors. 

The flow rate of the pump is dictated by the stroke length of the magnetic shaft, the size of the coil, and the 
diaphragm diameter. The diameter is 2.7cm in the prototype. In this short-term research, we have not been able 
to build up the facility to measure the stroke and the flow rate of the pump. Also, we have not developed a 
mathematical model of the whole system including the electromagnetic driver, the diaphragm motion, and its 
coupling to the fluid flow. These tasks should be addressed in the future project of the same nature with a 
longer term. The results of theoretical modeling will help to optimize the design of the pump, and to develop 
scaling rules for miniaturization purpose. 



Figure 1.   A large scale prototype of the proposed pump system that can be fabricated by surface machining 
technology, and can be integrated with chemical/biological sensors and electronics. 
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Figure 2. Another view of the prototype with the surface-machined plexiglass body separated. Electronics and 
the sensory materials will be integrated in the plexiglass body parts. The fluid channels, areas for 
electronics and sensory materials can all be surface machined. 

The work of this short exploration demonstrates the potential of a pump design for sample concentration that 
can be fabricated by the surface machining technology, and can be miniaturized for hand-held chemical and 
biological agent detection device. Much more work needs to be done as discussed earlier. We need to quantify 
the capability of the proposed pump by developing mathematical model of the system, to optimize the design, 
and to develop scaling rules in order to miniaturize the system, and to develop an integrated system with the 
sensors and the supporting electronics. 
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